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I. INTROD3CTION 
The scope of  work of t h i s  contract  involved t h e  des ign ,  development, 
f a b r i c a t i o n  and d e l i v e r y  of f i v e  ( 5 )  proto type  and f i f t y  (50) product ion 
semiconductor swi tches  capable  of  extending the  speed of h igh  l e v e l  switch-  
i ng  t r a n s i s t o r s  i n t o  the  l o w  nanosecond range. 
Completion of  t h i s  c o n t r a c t  was accomplished i n  t h r e e  (3) phases,  
which were a s  fo l lows:  
Phase I cons i s t ed  of t he  essent ia l  s tudy  and the  p r e p a r a t i o n  of  a 
complete des ign  of t he  u n i t s .  
Phase I1 cons i s t ed  of  t h e  f a b r i c a t i o n  and d e l i v e r y  of f i v e  ( 5 )  proto-  
t ype  u n i t s  which were submit ted,  eva lua ted  and approved by NASA. 
Phase I11 cons i s t ed  o f  t h e  f a b r i c a t i o n  and d e l i v e r y  of f i f t y  (50) 
product ion  models i n  conformity w i t h  t h e  o b j e c t i v e  s p e c i f i c a t i o n  DCN 
1-4-40 -9 i 58. 
Th i s  r e p o r t  w i l l  be devoted t o  a n  o v e r a l l  a p p r a i s a l  of  t he  work done 
under t h i s  c o n t r a c t .  The p r i n c i p a l  a r e a s  whch are t o  be d i scussed  incli lde:  
I.  Device b s i g n .  
2 .  Fabr i ca t ion  Processes .  
3 .  C i r c u i t  Design and Typical  T e s t  R e s u l t s .  
4.  Tes t  R e s u l t s  of F i f t y  (50) Product ion  Uni t s .  
A s e c t i o n  devoted t o  o t h e r  poss ib l e  a p p l i c a t i o n s  of  t h i s  device  is 
a l s o  inc luded .  
I .  
11. DEVICE DESIGN 
A. Design Goals: Cri ter ia  a p p l i c a b l e  to  t h e  Semiconductor switches 
f a b r i c a t e d  h e r e i n  a r e  as follows: 
1. Mechanical S p e c i f i c a t i o n s :  
a. Hermetically sealed. 
b. Ma te r i a l a :  s i l i c o n  semiconductor c r y s t a l .  
c .  Stud-mounted i s o l a t e d  c o l l e c t o r ,  w i t h  double-ended case .  
2.  Environmental S p e c i f i c a t i o n s :  
a. Temperature cycl ing:  -65OC t o  +2OO0C 5 cyc le s .  
b. Moisture r e s i s t a n c e :  10 c y c l e s  
c. Cen t r i fuga l :  1,000 g. 
d. Storage l i f e :  p lus  2OO0C, 1000 h r s .  
ei 3 : l ~ c k :  500 g. 
f .  V ib ra t ion :  20 g, 100 cps  t o  2000 cps.  
3. Elec t r i c a l  Spec i f  ica t ion6 : 
a.  
b .  
C .  
d .  
e .  
f .  
Co l l ec to r -Emi t t e r  Breakdown Voltage BVcEo(sus) = 50 v o l t s  
min. 
C o l l e c t o r  Cutoff Current VCE = 50V, TJ - 2OoC, ICES f 1 mA 
max. 8 0 
C o l l e c t o r  Cutoff Current VCE : 50V, TJ = 2OO0C, ICES - 10 mA 
max. VBE 0 
E m i t t e r  Cutoff Current VgB 
mu<, IC = 0 
DC Current  Gain IC = 10A, VCE = 4V, 
S a t u r a t i o n  Res i r t rnce  RCE(SAT) 8 0.1 ohms max. 
Base t o  Emit ter  Voltage IC * 10A, VCE 
2.0V max, IB 1A.  
7V, TJ = 200°C, IEm = 1 mA 
hpE 10 min 
4V, VBE(SAT) = 
I 
t 
g.  Turn On Time (TD ./ TR) IC = 10A, IB 1 A  
Ton = 5 n sec max 
h .  Turn Off Time (Ts TF) VBE - -5V 
Toff  * 5 n sec max 
(assuming unsaturated cond i t ion )  
VCE = 50V 
4.  Thermal C h a r a c t e r i s t i c s :  
a .  C o l l e c t o r  Power Di s s ipa t ion :  Pc = 2 5  w a t t s  max. 
(See Derat ing Curve, Sect ion 11 E) 
b.  Thermal Res i s t ance :  QJC - 4.0°C/Watt max. 
c .  Junc t ion  Temperature Ranfp: -65OC t o  d O 0 C  
B. E p i t a x i a l  S t a r t i n g  Mate r i a l :  
The s t a r t i n g  m a t e r i a l  f o r  t h i s  device c o n s i s t e d  of an "N" 
t y p e  e p i t a x i a l  l a y e r  on an i % f t '  s u b s t r a t e .  Tne pr ime reason fcr  
employing the e p i t a x i a l  c o l l e c t o r  des ign  i s  t h a t  i t  a f fo rded  the 
b e s t  compromise among the  device parameters of c o l l e c t o r  break- 
down, capac i t ance  and s e r i e s  r e s i s t a n c e .  
Because of t h e  predominant r o l e  of c o l l e c t o r  design on the 
device parameters of (1) co l l ec to r -base  breakdown, (2 )  c o l l e c t o r  
sa ti; rat for? vn 1 t a ge and ( 3) c o 1 l e c  t o r  - b a se j unc t ion cap ac i t ance , 
i t  was necessary t o  take a l l  t h r e e  (3) parameters i n t o  cons ide ra -  
t i o n  when s e l e c t i n g  the e p i t a x i a l  l a y e r  r e s i s t i v i t y  and th i ckness .  
Parameters (1) and ( 3 )  improve w i t h  i n c r e a s i n g  r e s i s t i v i t y  and 
th i ckness  while  ( 2 )  i s  degraded. Based on these  cons ide ra t ions ,  
c a l c u l a t i o n s  were made and the fol lowing i n i t i a l  s p e c i f i c a t i o n s  
f o r  e p i t a x i a l  l a y e r  r e s i s t i v i t y  and th i ckness  were s e t :  
Layer R e s i s t i v i t y  - -  3.OR cm 2207. 
Layer Thickness - -  .85 m i l  +157. 
After  s e v e r a l  prel iminary runs  the  va lues  of l a y e r  resis- 
t i v i t y  and th i ckness  were increased t o  t h e  fo l lowing  va lues :  I 
Layer R e s i s t i v i t y  -- 3.2R c m  k20X 
Layer Thickness - -  1.0 m i l s  +lo% 
The o b j e c t i v e s  of  t h i s  material change were t o  reduce cob 
and increase *"CEO (Sustained) thereby inc reas ing  device  switch-  
ing  speed and c r e a t i n g  a sa fe ty  margin t o  p r o t e c t  t he  device 
a g a i n s t  c a t a s t r o p h i c  secondary breakdown dur ing  the  swi tch ing  
cyc le .  
C .  Surface Geometry: 
The i n t e r d i g i t a t e d  s t r u c t u r e  shown i n  Figure 1 was s e l e c t e d  
because of  i t s  inherent  high emitter per iphery  t o  emitter area 
r a t i o .  This  type of des ign  would enhance the  b e t a  l i n e a r i t y ,  
VCE f ( t ) ,  and power handling c a p a b i l i t i e s  of the  device.  
To achieve t h i s  b a s i c  goal s e v e r a l  areas of the  device  con- 
struction were improved upon. These improvements were: 
1. Optimized length,  width and t p e r  of  f i n g e r  design.  
2 .  Tightened spac ing  throughout t h e  des ign  geometry. 
3. 
To inc rease  f i n g e r  length  whi le  reducing the  finger width  
t 
Minimized a r e a  of  contac t  pads. 
i t  was necessary  t o  increase  t h e  aluminum con tac t  th ickness  
and add a P base c o n t a c t  region i n  o r d e r  t o  main ta in  n e g l i g i b l e  
vo l t age  drops along the  f inge r s .  
4 
The t o t a l  base con tac t ing  a r e a  i s  50 m i l s 2  and t h e  
emitter c o n t a c t i n g  a rea  i s  approximately 100 m i l s z .  
The conduc t iv i ty  t o  the  ends of the  base f i n g e r s  was 
f 
insured  by t h e  P d i f fus ion .  This  des ign  scheme a l s o  appears  
t o  minimize ' t he  inherent  hea t ing  e f f e c t s  normally noted a t  t h e  
emitter base junc t ion  around t h e  t i p  of the  base f inge r s ,  i . e . ,  
c l o s e  t o  the  emitter lead. 
General ly ,  a l l  f i n g e r s  and c o n t a c t  areas were tapered  and 
rounded t o  e l i m i n a t e  hot spo t s  and/or  leakage paths .  Equal 
spac ing  of  a l l  geomctries a t  a l l  p o i n t s  was another  cons idera-  
t ion. 
The r e s u l t i n g  des ign  i s  as fol lows:  
Base Area -- 2175 m i l 2  
E m i t t e r  Area -- 1000 m i l *  
E m i t t e r  Per iphery  - -  1000 + m i l  
Base Periphery -- 175 m i l  
Chip S ize  - -  60 m i l  X 80 m i l  8 
Other areas of des ign  c r i t e r i o n  inc lude  c i r c u l a r  a l ignmant  
keys on each  device  c h i p  and a 5 m i l  wide s c r i b i n g  path,  f r e e  
of oxide and aluminum. 
D. Diffused Regions: 
Base Region: 
Severa l  requirements  had t o  be t aken  i n t o  cons ide ra t ion  i n  
de te rmining  the  concent ra t ion  l e v e l s  and the  depth  of t he  base 
reg ion .  The BVEBO requirement of 7 v o l t s  l imi t ed  the  base s u r -  
f ace  Concentrat ion t o  a maximum value  of approximately 7 x 1018 
a toms /cc  . 
The BVCBO requirement imposed l i m i t a t i o n s  on the  base width-  
impuri ty  g rad ien t  r e l a t i o n s h i p  working w i t h i n  these l i m i t a t i o n s ;  
t he  base r eg ion  was designed t o  y i e l d  a high gain,  high fT 
s t r u c t u r e .  Base su r face  concen t r a t ion  and base depth  of 5 X loL8 
atoms/cc and 3.0 microns, r e spec t ive ly ,  was employed f o r  t hese  
u n i t s .  A base width of 1.0 micron i s  the  des ign  c e n t e r .  
E m i t t e r  Region: 
Condi t ions for the  e m i t t e r  d i f f u s i o n  had e s s e n t i a l l y  been 
determined by the base des ign  c r i t e r i a .  The depth  of t he  d i f -  
fu s ion  required was 2.0 microns t o  meet t h e  requirement of 1.0 
micron ba re  width.  A high concen t r a t ion  was r equ i r ed  (-lo2' 
atoms/cc) t o  achieve the necessary i n j e c t i o n  e f f i c i e n c y  i n t o  
t h e  h ighly  doped base region which is  needed f o r  high gain.  
Simultaneously w i t h  the emitter d i f f u s i o n  an N' band was 
d i f f u s e d  i n t o  the  su r face  of t h e  e p i t a x i a l  c o l l e c t o r  l a y e r  i n  
a n  area ad jacen t  t o  and completely surrounding the  base d i f f u s e d  
Junct ion.  This  band has two (2 )  func t ions .  It se rves  t o  pre-  
vent channe l l ing  ac ross  the su r face  of  t he  device from the  base 
junc t ion  t o  the  edge of the d i e .  Secondly, i t  h a s  been observed 
t h a t  such a band improves the g e t t a r i n g  e f f e c t s  normally ob- 
served du r ing  phosphorus d i f f u s i o n  by v i r t u e  of i t s  proximity 
t o  the  c o l l e c t o r -  base junct ion.  
P + Diffus ion:  
The primary purpose  of t h i s  a d d i t i o n a l  d i f f u s i o n  s t e p  has  
been d iscussed  under sur face  g a o d t r y  de6ign. 
p o s i t i v e  a s p e c t s  of des ign  f o r  t h i s  d i f f u s i o n .  The primary re- 
quirement i s  t o  achieve a highly  doped conduct ing l a y e r  w i t h i n  
the  base d i f f u s e d  r eg ion  i n  o rde r  t o  opt imize the  device  para- 
There are two (2) 
1 metera of rb , VBE(SAT), VCE(SAT) and b e t a  l i n e a r i t y .  
important  func t ion  of the P f  l a y e r  is t o  provide p r o t e c t i o n  
Another 
I 
a g a i n s t  the occurrence of a su r face  inve r s ion  l a y e r  over the 
more l i g h t l y  doped base region.  From a negat ive viewpoint 
t h i s  r eg ion  muet be very c a r e f u l l y  def ined w i t h  r e s p e c t  to 
both l a t e r a l  dimensions and p e n e t r a t i o n .  
E. Package Design: 
The o r i g i n a l  c o n t r a c t  c a l l e d  f o r  a 7/8" double'-ended s tud  
design package capable of s u s t a i n i n g  the 100 watts power d i s -  
s i p a t i o n  of the t r a n s i s t o r .  The thermal r e s i s t a n c e  of t h e  de- 
v i c e  i n  t h i s  package was t o  have a maximum va lue  of 1.75'C/Watt. 
The e s s e n t i a l s  of t h i s  package design a r e  i l l u s t r a t e d  i n  
Figure 2 . 
Since the beginning of t he  c o n t r a c t  t h e r e  have been two (2 )  
r e v i s i o n s  made i n  package design.  The f i r s t  was from the  7/8" 
t o  an 11/16" double-ended s tud .  
upon by NASA and Bendix personnel f o r  t he  fol lowing reasons:  
This  change was mutually agreed 
1. A smaller device f o r  t h e  NASA a p p l i c a t i o n  was d e r i r a b l e .  
2 .  Bendix had a l r eady  been us ing  t h e  11/16" d i a P c t e r  package 
f o r  o t h e r  devices  and consequently,  equipment and tech- 
niques r equ i r ed  f o r  device asse&?)r vera r e a d i l y  a v a i l -  
ab l e .  
Because of t he  s i ze  reduct ion,  t he  thermal c h a r a c t e r i s t i c s  
f o r  t he  device were reduced. The c o l l e c t o r  power d i s s i p a t i o n  
was lowered from 100 w a t t s  t o  50 wat ts  and t h e  thermal resis- 
tance was increased from 1.75'CIWatt to  3.S°C/Watt. Drawings 
of t he  redesigned 11/16" s t u d  assembly are shown i n  Figure 3. 
The second r ev i s ion ,  replaced t h e  11/16" diameter  s tud by 
a 7/16" diameter s tud .  This  change took place dur ing  the  e a r l y  
111. FABRICATION PROCESS 
A. S t a r t i n g  Mate r i a l  
Ma te r i a l  was ordered and received from three (3) vendors, 
Texas Instruments,  Monsanto and General Micro E l e c t r o n i c s ,  and 
was then eva lu t ed .  Devices which have been made from each of 
the vendor 's  m a t e r i a l  had been acceptable  ; however, d i f f e r e n c e s  
i n  y i e l d ,  d i s t r i b u t i o n ,  and parameters d i d  e x i s t  c o n s i s t e n t  w i t h  
the c o n t r o l  s u r f a c e  topograph of the r e s p e c t i v e  vendor ' r  e p i -  
t a x i a l  m a t e r i a l .  
Since t h a t  time Bendix purchased-and i n s t a l l e d  an Ecco 
e p i t a x i a l  r e a c t o r  system. A photograph o f  t h i s  system i s  i n -  
cluded i n  t h i s  r e p o r t  a s  Figure 6 .  The e p i t a x i a l  m a t e r i a l  
obtained from t h i s  systenr had su r face  topography as  good as 
m a t e r i a l  purchased from outs ide vendors.  Hence, s e v e r a l  of 
t he  l a t t e r  dev ices  procs3sed uzdtr  t h i s  c o n t r a c t  were f a b r i -  
ca t ed  on ou r  own e p i t a x i a l  m a t e r i a l .  
A summary of the material used f o r  t h e  v a r i o u s  l o t s  is 
given i n  Table 1. The o v e r a l l  r angr  of r e s i s t i v i t y  and t h i c k -  
ness  u t i l i z e d  du r ing  the  course of this c o n t r a c t  was 2 . 6  t o  
3.4 ohms cm and 0.67 t o  1.03 m i l s ,  r e s p e c t i v e l y .  
B.  S u r f  ace P repa ra t ion  
P r i o r  t o  the  i n i t i a l  thermal o x i d a t i o n  s t e p ,  the e p i -  
t a x i a l  wafers  were thoroughly cleaned.  T h i s  o p e r a t i o n  con- 
s i s t s  of the fol lowing r a t h e r  un ive r sa l  s t e p s :  
1. A t r i c h l o r o e t h y l e n e  r i n s e  t o  remove organic  con- 
taminants.  
C. 
2.  A hydrof luor ic  a c i d  (€E) r i n s e  t o  remove oxide f i lms .  
3. Chemical t reatment  t o  remove ion impur i t i e s  and t o  . 
provide a l i g h t  p r o t e c t i v e  oxide l aye r .  
Di f fus ions  (Refer t o  Table 1) 
1. S i l i c o n  Dioxide Layers 
(a) I n i t i a l  Oxide: . 
The i n i t i a l  oxide l aye r  a t  1O5O0C i n  a dua l  cyc le  
oxygen atmosphere ( th ickness  of  t h i s  l a y e r  i s  7000 t o  
8000 A'). The f i r s t  cyc le  was a w e t  02 atmosphere which 
was followed by a d ry  02 atmosphere (2nd c y c l e ) .  Both 
c y c l e s  are performed i n  the  same furnace without  removing 
the  s l ices  by us ing  a th ree  way stopcock. The purpose of 
the  d ry  cycle i s  t o  dens i fy  the  oxide grown dur ing  the  w e t  
cyc le .  This  procedure reduced the p i i h o l e s  p e r  u n i t  area 
t o  a p p r o x i w e l y  (zero) .  This  area is diectissed i n  a sub- 
sequent s e c t i o n  of t h i s  report. 
(b) Base Di f fus ion  Oxide: 
During t h e  base d i f f u n i o n  cyc le  an  oxide l aye r  i s  re- 
grown over  the  base region t o  provide masking f o r  subse- 
quent d i f f u s i o n s .  A l l  d i f f u s i o n s  were performed a t  12OO0C 
i n  an oxygen atmosphere. The t h i ckness  of the  oxide ob- 
t a ined  w i l l  depend upon the  t i a m  and cond i t ions  ( w e t  and/or  
d ry  0 2 )  of the  d i f fus ion .  
The i n i t i a l  l o t s  processad under t h i s  c o n t r a c t  under- 
went a t h ree . (3 )  hour base d i f f u s i o n  c o n s i r t i n g  of a 1 / 2  
hour w e t  02 cyc le  followed by a 2-1/2 hour d ry  02 cyc le .  
The oxide th i ckness  was approximately 6000 A". 
procces ing  cont inued the base d i f f u s i o n  time was decreased 
and consequent ly ,  t he  th icknesr  of oxide grown decreased.  
The fo l lowing  c h a r t  l i s t s  the  v a r i o u s  d i f f u s i o n s ,  timas, 
and cond i t ions  and the  corresponding oxide grown f o r  each 
As the  
case  : 
Tota l  Time w i n )  
150 
120 
90 
75 
60 
60 
I. 
. Cycle Tj 
Wet 
30 
30 
15 
15 
15 
0 
e (Ifin.)  
Dry  
120 
90 
75 
60 
45 
60 
(c)  Pos t  P + Deposition Oxide: 
Oxide Thickness (Ao: 
6000 
5 600 
4400 
4100 
3800 
2500 
P 
Two (2) types  o f ' o x i d e s  have been u t i l i z e d  a f t e r  t he  P' 
depos i t i on ,  the  thermal oxide and the  p y r o l y t i c  oxide.  The 
thermal oxide was grown a t  1000°C and the  p y r o l y t i c  oxide was 
depos i ted  a t  approximately 725OC. 
p y r o l y t i c  oxide system is shown i n  F igure  7. 
A lay-out  drawing of  t he  
L 
t o l e rances  and geometry q u a l i t y  acceptance c r i t e r i o n .  Mask 
imperfec t ions  such as flaws, pinholes ,  ( spo t s )  and p e r i p h e r a l  
d e f e c t s  a r e  c l e a r l y  def ined by the  s p e c i f i c a t i o n  "Mask Accep- 
tance" IN- 156. 
A thorough vendor eva lua t ion  was conducted a t  t he  begin-  
ning of t h i s  c o n t r a c t  w i t h  the emphasis on c a p a b i l i t y  i n  mask 
c o n s t r u c t i o n  and mask inspect ion.  On the  b a s i s  of vendor e v a l -  
ua t ion  and the  quotes  received,  t he  d e c i s i o n  was made t o  con- 
t r ac t  w i t h  the  Qual i t ron  Corp., Danbury, Conn. 
There were th ree  ( I )  shipments of  masks rece ived  by Bendix. 
The f i r s t  shipment received was inspec ted  and c o n d i t i o n a l l y  
accepted t o  c o n s t r u c t  devices  f o r  i n i t i a l  eva lua t ion .  This 
set  of masks f a i l e d  t o  meet the spot  and p e r i p h e r a l  d e f e c t  
s p e c i f i c a t i o n s  and same of the  diamnsions were ques t ionable .  
One (1) set of masks from t h i s  shipment was re turned  f o r  vandor 
eva lua t ion .  
A second shipment of  masks we=* rece ived  and inspec ted  by 
Rendix i n  e a r l y  October. 
c e s s i v e  p e r i p h e r a l  de fec t s ,  s p o t s  and 6mears. The vendor w a s  
n o t i f i e d  and re -eva lua ted  h i s  handl ing and packaging of masks. 
Those maskr were rejectmi due t o  ex- 
The t h i r d  s h i p m n t  of masks were rece ived  i n  November, 
which were inspec ted  and accepted.  Table 2, shows a comparison 
of t he  t h r e e  ( 3 )  shipments of masks w i t h  r e s p e c t  t o  d e f e c t s .  
A. CIENFXAL MOB'S + 1. All dimensions - .OS mil (50 millionths of an inch) 
2. 
'. 
3. 
4. 
5.  
6. 
7. 
8. 
9 .  
excepti on TID t ed 
The oat ive mask area to  be a circle of 1.25" dia. 
. v  
It d i r  +' 8 ( .08011) patterns 
Y ctLr - 10 (.06O")pttens 
The inspection area referred t o  i n  the specification to  a a i r a l e  of 1" dia. 
All patterns which fall within (be t te r  t h w  112 of the 
within) this circumference are covered by the following hspect ion cxrlterinnr 
p t t e n  i s  ccneidered 
lo00 + 3 12 Xdir - 6 P a t t e r n s  inspected 
1000 + '60 % 16 Ydir - 8 Patterns inspected 
Approximately 1s :y patterns will be i n  the  inspection area. 
me cumulative tolerance of ti.le t o t a l  array of 13 patterns in  the x direction 
and 16 ptterns i n  the Y direction s h a l l  not exgeed 
( t r u e  position) from mask t o  msk t o  be wLthin -.lo0 mils. 
Aebr isks  (*) Radius dimsnsions and centers a r e  nominal however t!ie para6elism 
of the registered pettern8 must be maintained, i.e. e p ~ c h g  between registered 
pat terns  * .lo0 mi ls .  
Breaks i n  the peripnery of a p%tsm- either in to  o r  out of the pattern are 
aUowrd if they protrude no further than the specif icat icn allows, ;.e. .OWlw= 
Howover sharp mikes  w i l l  be considered as grounds for rejection. 
Orid work not c r i t i c a l  - Dimensional accuracy - .0002. 
pin h o l m  . 
'&rs posi t ion of alignmsnt do$ centers t o  device centers m u s t  bg.050 mils, 
dimensional tolerance of dot - ' .OOOlno 
.SO mils. Hegistration 
+ 
No epec on breaks and/or 
The allowable number of defective 
( 3 1 9  pa t t e rm)  not to exceed (7  !? seven &5%. tterns within the  1" dla. inspectian circle 
.- . . - . . . - .. .. - . - . . - .  
2 .  Oxide and Aluminum Etch: 
The p resen t  s y s p m  u t i l i z i n g  Kodak KPR-KPL a t  high sp in -  
ning speeds appeared t o  o f f e r  advantages i n  e t c h  r e s i s t a n c e ,  
adhesion and d e f i n i t i o n .  M i c r o - f i l t r a t i o n  of a l l  chemicals 
and minimum handl ing of wafers i n  p rocess  r e s u l t e d  i n  c l e a n e r  
reproduct ions and enhanced y i e l d .  The Micro-Mechanics a l i g n -  
ment and exposure sys t em had the  alignment to l e rance  and ex- 
posure c o n d i t i o n s  deemed necessary.  Development was accomp- 
l i s h e d  i n  s tandard Kodak chemical ba ths .  Etching of t he  
wafe r s  was done i n  an  amnonium f l u o r i d e  - HF e t c h .  
Coating and alignment (exposure) o p e r a t i o n s  were i n  abso- 
l u t e  f i l t e r  d u s t  boxes while a11 o t h e r  o p e r a t i o n s  were i n  
0 . 5  micron d u s t  boxes. 
Photo-micrographs of t h e  geometric reproduc t i o n s  are shown 
i n  F igu res  8 and 9. 
Etching of t h i c k  aluminum l a y e r s  was accomplished by us ing  
KTFR (Kodak Thin F i l m  Resist) and a phosphoric - n i t r i c  - H2O 
e t c h .  The adhesion and e t c h  r e s i s t a n c e s  of t h e  KTFR i d e a l l y  
s u i t e d  i t  f o r  t h i s  operat ion.  There have been two (2) tech-  
niques eva lua ted  for t h i s  ope ra t ion .  
The f i r s t  technique used was p h o t o r e s i s t  followed by com- 
p le te  e t c h i n g  of the  aluminum. Hawever, due t o  the th i ckness  
g r a d i e n t  of t h e  deposi ted aluminum , t he  e t c h i n g  r e s u l t e d  i n  
unde rcu t t ing  of the c o n t a c t s  on t h e  t h i n n e r  s i d e  and b r i d g i n g  
of c o n t a c t s  on the t h i c k e r  s i d e .  This  problem led t o  t h e  con- 
c e p t i o n  of t he  second technique which was used f o r  f a b r i c a t i o n  
of t he  f i n a l  devices .  
Afte r  the  aluminum is deposi ted the  wafer  i s  p h o t o r e s i s t e d  
u r i n g  the  KTFR sys tem.  
inum e t c h  s o l u t i o n  f o r  8 time long enough t o  remove approxi-  
mately 30% of t he  aluminum. The p h o t o r e s i i t  i r  then  removed 
and the  wafer  i s  re -photorer io ted  us ing  KTFR. 
p laced i n  the  e t c h  s o l u t i o n  where the  remaining aluminum i s  
removed. Thio prathod ha8 d r a r t i c a l l y  rnducad unde rcu t t ing  
and e l imina ted  br idging.  Figure 10 shows the  comparison be- 
tween the  two (2) methods of e t c h i n g  81UminUm. 
The wafer is then placed i n  the  alum- 
It i s  aga in  
Resist removal is  accomplished i n  hot  su lphur i c  ac id  s o l -  
u t i o n s  and/or  i n  commercially a v a i l a b l e  resist e t r i p p e r s .  
F. Surface Pass iva t ion  
The use of thermal oxider i n  p l ana r  process ing  can be im- 
proved through 
technology. 
p inho les /un i t  a r ea .  I n  order  to  test t h e  va r ious  oxide tech-  
niques,  a c h l o r i n e  e t c h  system was designed and c o n s t r u c m d ,  
Thus, any fiait ei i z p c r f e c t i o n  i n  t h e  oxide w i l l  permit  e t c h -  
i n g  of t h e  s i l i c o n  subsurface by gaseous ch lo r ine .  
d e n s i f i c a t i o n  and/or  combination w i t h  p y r o l y t i c  
A good gauge of oxide q u a l i t y  i s  t he  n u e e r  of 
The use  of a thermally grown d ry  oxide f o r  the subrequent 
l o t s  processed has  proven q u i t e  succes r fu l .  However, the pyro- 
l y t i c  oxide war advmtagcous ly  employed 88 the  f i n a l  device  
l aye r .  The proceso was c a r r i e d  o u t  a t  a Lower t e m p n a t u r e ,  
and the re fo re ,  j unc t ion  tr8vel wad minimized. I n  add i t ion ,  
t he  s i l i c o n  d ioxide  l aye r  fared by the  p y r o l y t i c  procerp 
doer  no t  r e q u i r e  r i l i c o n  su r face  8tOm8 but  is p r w i d e d  t O t 8 l l y  
by the  thermal c racking  of an organo r l l a n e  compound. 
vendors (Nat ional  B e r y l l i a  and Mi t ronics )  who had suppl ied  
Bendix w i t h  11/16" packages. However, none of t h e  packages 
rece ived  were acceptab le .  There  were two (2) problems w i t h  
a l l  packages rece ived:  (1) the  b e r y l l i a  pad would c r a c k  
from the  hea t  of  d i e  mounting and/or  (2) t he  me ta l l i zed  
p a t t e r n s  would b l i s t e r  caus ing  poor w e t t i n g  of t h e  d i e  t o  
the  pad and i n  t u r n  thermal r e s i s t a n c e  problems. With no 
acceptab le  11/16" packages being acquired NASA and Bendix 
personnel  agreed t o  f u r t h e r  reduce the  package s i z e  t o  7/16". 
These changes are more thoroughly d iscussed  i n  Sec t ion  I1 E. 
t 
The d i e  mounting ope ra t ion  was performed in a d r y  box 
us ing  e u t e c t i c  mounting techniques.  R e s u l t s  i nd ica t ed  lit- 
t l e  o r  no degrada t ion  of e l e c t r i c a l  c h a r a c t e r i s t i c s  and 
uniform, law thermal r e s i s t a n c e  measurements. 
I n i t i a l l y ,  wire was used t o  bond t o  the  emitter and base 
con tac t s .  This  bonding was of t h e  thermo-compression type.  
However, t h i s  method of bonding (10 m i l  wire t o  emitter) 
was in t roduc ing  pressure ac ross  the fizgers of t he  device  
which tended t o  degrade emi t te r -base  c h a r a c t e r i s t i c s .  
Experiments were then conducted using a f l a t  r ibbon (10 
X 4 m i l ) .  Th i s  method proved very  f e a s i b l e  and was used f o r  
both t h e  pro to type  and f i n a l  devices .  Two, 2 m i l  wires were' 
used t o  bond t o  t h e  base pads. 
bonds which withstood 0n a x i a l  p u l l  g r e a t  enough eo break  the  
wire. 
Bonding experiments produced 
The doming of u n i t s  wile accomplished by the  r e s i s t a n c e  
weld method i n  a dry  box. 
d 
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Iv. TEST METHODS AND TRANSISTOR EVaUATION 
A. Introduction - 
The function of the Applications Department was to eval- 
uate the transistor static and dynamic characteristics, design 
and build any special test circuits necessary for evaluation, 
and to assist Development Engineering in transistor design. 
Switching circuits were developed and construkted to 
evaluate the switching capability of the transistor. A total 
of four ( 4 )  switching circuits were designed, with each succes- 
sive circuit containing an improvement. 
D e v i c e  characteristics were tested according to the 
NASA specification. 
Transistors were evaluated ad development-lots were mads 
available. Parameter deviations from specification were noted. 
Development Engineering made appropriate changes ir. design or 
processing to have the parameter satisfy the specification. 
The transistors were a180 evaluated in high frequency 
p v s e i  mFlifier circuits to estimate their potential as high 
frequency power amplifier transistors. 
B. Switching Circulte 
1. Circuit Design Considerations 
The design considerations for the applicabla ewitch- 
ing circuit are of utmost importance to realistically 
measure the actual switching tima of the device. The 
following criteria ware established for circuit design: 
2.  
a c  Demonstrate t he  switching Capab i l i t y  of t h e  dev ice .  
b. Adjustments minimized during t e s t i n g  of a l a r g e  number 
of  u n i t s .  
The u n i t  under t es t  should be plugged i n t o  a socket ,  
no s o l d e r i n g  should be r equ i r ed .  
c .  
d. Paras i t ic  r e a c t a n c e s  must be avoided. A l l  l e a d s  
should be a8 s h o r t  a s  poss ib l e .  
e. Reproducib i l i ty  of  the c i r c u i t .  
f .  One c i r c u i t  should be used t o  measure "on" and "off 
time. 
C i r c u i t  # l  and C i r c u i t  1 2  
I n i t i a l l y ,  twb (2 )  tes t  c i r c u i t s  were designed t o  
e v a l u a t e  the  t r a n s i s t o r  switching c h a r a c t e r i s t i c s .  C i r -  
c u i t  01 (Figures  t 1 3  and $14) was the  r e s u l t i n g  des ign  f o r  
-
"tOn'' e v a l u a t i o n ,  and C i r c u i t  1 2  (Figure R15) f o r  " toff t t  
eva lua t ion .  Separate  c i r c u i t s  for "ton" and "tsff" were 
designed t o  o b t a i n  optimum switching c h a r a c t e r i s t i c s  f o r  
each parameter.  
A 3s:ktr clamp was u t i l i z e d  in t he  c i r c u i t  (Figures  R13 
and 015) t o  minimize etorage tiam. The main purpose of this 
feedback clamping technique was t o  keep t h e  c o l l e c t o r - b a s e  
j u n c t i o n  from becoming forward b i a sed  when t h e  on-drive pu l se  
was a p p l i e d  t o  the  input.  
clamp, and kept  t h e  t r a n s i s t o r  ou t  of  s a t u r a t i o n .  The vo l -  
t age  drop across the  d iodes  i s  such t h a t  t he  c o l l e c t o r  junc- 
t i o n  can  never  become forward b i a sed  and any base d r i v i n g  
c u r r e n t  i n  excess of t h a t  r equ i r ed  t o  b r i n g  t h e  t r a n s i s t o r  t o  
t h e  edge of S a t u r a t i o n  is simply ch8nnel led 
Diodes D 1  and D2 formed t h e  Baker 
k 
around the  base through t h e  upper diode.  
The u s e  of a Baker clamp s l i g h t l y  complicates  t he  
des ign  because t h e  device  s p e c i f i c a t i o n s  must be such 
as t o  keep the  t r a n s i s t o r  ou t  of  s a t u r a t f o n  f o r  worst  case 
condi t ions .  The s to rage  t i m e  problems a r e  now t r a n s f a r r e d  
to t h e  diode which must have,. much f a s t e r  recovery time 
than the  t r a n s i s t o r  i f  t h e  Baker clamp mrthod is t o  be of 
value.  
I 
Figure 14 rhous the  o r ig in81  'ttonr' C i r c u i t  No. 1 w i t h  
t h e  d iodes  removed. The "ton" was also measured i n  t h i s  
c i r c u i t .  The m i t c h i n g  tima wa8 s l i g h t l y  b e t t e r  than t h a t  
measured i n  c i r c u i t  Figure R13. 
The d iodes  i n i t i a l l y  used i n  the  clamp c i r c u i t  were 
s p e c i f i e d  as having 4 o r  5 nanosecond recovery times. 
F a s t e r  d iodes  were n o t  ava i lab le  from s tock  a t  t h e  time 
of  t h e  c i r c u i t  des ign .  The d iodes  tended t o  i nc rease  the  
c o l l e c t o r  tu rn-of f  time. F u t u r e  c i r c u i t s  must have f a s t e r  
diodes.  
Care Was taken during phys ica l  l ayout  o f  the circuit 
t o  minimize p a r a e i t i c s .  A l l  l eads  t o  the  e x t e r n a l  b i a s  
supply were bypassed wi th  s u i t a b l e  c a p a c i t o r s  t o  keep c i r -  
c u i t  l ead  inductance t o  a minimum. 
A t  t he  time of  development of C i r c u i t s  #l and 62, a 
s a t i s f a c t o r y  t r a n s i s t o r  socket  was not  a v a i l a b l e ,  and the  
t r a n s i s t o r  under tes t  had t o  be so ldered  i n t o  the  c i r c u i t .  
An i n v e s t i g a t i o n  i n t o  the  design of socket  s u i t a b l e  f o r  
t h i s  a p p l i c a t i o n  was undertaken. The socket had t o  provide 
s h o r t  lead leqgthe  from the  c i r c u i t r y  t o  the  t r a n s i g t o r  p i n  
connections,  and s h i e l d i n g  between i npu t  and output  for 
i s o l a t i o n .  U t i l i z a t i o n  of a t e s t  socket  would enab le  
t e s t i n g  of dev ice8  t o  be conducted in a more e f f i c i e n t  
manner . 
The c u r r e n t  transformer,  Ti, i n  each of t h e  c i r c u i t s  
was used t o  monitor the base c u r r e n t .  
diode clamping a c t i o n  was observed and the  r equ i r ad  base 
c u r r e n t  was determined from t h i s  ob re rv8 t ion .  
I n  t h i s  manner, t h e  
I n  the tu rn -o f f  c i r c u i t  ( C i r c u i t  #2),  r eve r se  b i a s  
was app l i ed  t o  the t r a n s i s t o r  base t e rmina l  through a 5 
ohm r e s i s t o r .  
Test C i r c u i t s  #L and #2 provided va luab le  d a t a  and 
des ign  i n s i g h t  f o r  redesign and improvement of the t e s t  
c i r c u i t s .  
3.  C i r c u i t  t 3  
A t h i r d  t c e t  c i r c u i t  was cons t ruc t ed  which incorpor-  
a t e d  many new f e a t u r e s  not presen t  i n  t h e  o r i g i n a l  two 
c irc u i  t s . 
The 
were : 
a. 
b, 
C .  
d. 
main reasons f o r  r edes ign  of t h e  tes t  c i r c u i t s  
El iminate  the n e c e s s f t y  o f  N o  t e s t  c i r c u i t s ,  
(one f o r  "ton" e v a l u a t i o n  and ano the r  f o r  r r t o f f r r ) .  
To provide a more e f f l c l e n t  method of p l a c i n g  
the t r a n e i s t o r  i n  the  c i r c u i t  ( 8  socket was used).  
To allow observat ion of t h a  f a s t e s t  switching 
time possible. 
Fur the r  r educ t ion  of p a r a s i t i c  e f f e c t s .  
P a r a s i t i c  inductance and capac i tance  were minimized 
by c a r e f u l  l o c a t i o n  of p a r t s  i n  the  c i r c u i t .  The c i r c u i t  
p a r t s  were c a r e f u l l y  se l ec t ed  and high frequency non-in- 
4 
duc t ive  r e s i s t o r s  were used. A l l  c i r c u i t  lead  l eng ths  
were minimized. I n s e r t i o p  inductance,  r e s i s t a n c e ,  and 
capac i tance  due t o  the  cu r ren t  t ransformers  were e l imin-  
a t e d  by monitor ing the  base and c o l l e c t o r  c u r r e n t  w i t h  a 
vo l t age  probe. The c u r r e n t  probes used i n  C i r c u i t s  01, 
R2, and #3 were no t  ured i n  C i r c u i t  14. 
C i r c u i t  #4 contained the same type t r a n s i s t o r  socket 
as the  one used i n  C i r c u i t  #3. 
Due t o  the  pu l se  genera tor  impedance of  500, t he  i n -  
put  of switching C i r c u i t  #4 had t o  have an impedance of 
' about 50Q. The genera tor  incorpora ted  a charge l i n e ,  and 
mismatch of gene ra to r  t o  c i r c u i t  would c a u s t  r e f l e c t i o n s .  
Matching was ~cco=p?iahed by resistor R3 i n  s e t i a o  u i t h  a 
r e s i s t a n c e  having a value 
i.e.,  r e s i s t o r  R3 i n  aerie8 w i t h  r e s i s t o r  R7  times the  
forced B of  t h e  t r a n s i s t o r  i n  t h e  conduct ing state. 
To i s o l a t e  d i r e c t  c u r r e n t  from the  puIse  genera tor ,  
du r ing  t h e  absence of the "on" pulse ,  a blocking  network 
of R l ,  R2, and C1 was placed a t  t he  input  of  t h e  c i r c u i t .  
The r e s i s t o r s  R 1  and R2 were 1KQ r e s i s t o r s  and served two 
purposes.  The f i r s t  w a n  t o  p re sen t  a high shunt impedance 
t o  the  genera tor  and e l i m i n a t e  a mismatch between genera tor  
and &he SOR c i r c u i t  input- impadmce;  t he  s e c d  ptwpoae 
was to  provide a discharge p a t h  f o r  c a p a c i t o r  C1.  
A clamping network c o n s i s t i n g  of  Q, D 1  and C2 l i m i t e d  
t h e  load c u r r e n t  f lowing through R7 t o  10 amperes maximum. 
The r e v e r s e  b i a s  network c o n s i s t a d  o f  resistors R5 
A f t e r  t h e  inpu t  and R6, c a p a c i t o r  C3, add induc to r  L1.  
pu l se  is removed, t h e  c a p a c i t o r  C3 a c t s  l i k e  a 5V b a t t e r y ,  
sweeping t h e  s t o r e d  charge o u t  o f  t h e  base -emi t t e r  region.  
Capac i tor  C3 ha lps  achieve a f a s t e r  c o l l e c t o r  t u r n  o f f  time. 
During t h e  i n i t i a l  p a r t  of t h e  tu rn -o f f  time t h e  induc to r  
L 1  acts  like 0 c u r r e n t  source.  
6 
The inpu t  d r i v e  was obta ined  by p l a c i n g  a non-induct ive 
50Q r e s i s t o r  across the pu l se  genera tor .  The gene ra to r  
v o l t a g t  was ad jus t ed  f o r  a c u r r e n t  of 1.0 amperes. The re- 
s u l t i n g  g e n e r a t o r ~  vo l t age  was 50V. The genera tor ,  w i t h  
--. pulse rm,plltude unchanged, was then  connected to  t h e  switch-  
i n g  c i r c u i t  input .  
I n  o r d e r  t o  experimhnttLLy determine t h e  ope ra t ion  Qf 
a l l  tb c i r c u i t s  describoa4 the BIG LEA3 t r a n s i s t o r  was used. 
The w i t c h i n g  time f o r  C i r c u i t  83 was b e t t e r  than  t h a t  ob- 
t a ined  i n  C i r c u i t s  #1 and #2. Table 13 p r e s e n t s  a c t u a l  
swi tch ing  ti- d a t r  of i n d i v i d u a l  dev ices  i n  C i r c u i t s  f 3  
and #4. This  d a t a  demonstrates  t h a t  the  swi tchbtg  c a p a b i l i t y  
o f  t h e  t r a n r i s t o r  element is i n  t h e  5 nSec. range bu t  t h e  
c i r c u i t  e f f e c t  adds t o  t h e  tiam. 
Because of c i r c u i t  l f m l t a t l o n s ,  a device  des ign  muot 
have swi tch ing  speeds of 1 nSec. t o  achieve  5 nSec. c i r c u i t  
swi tch ing  ti-. 
C. Charac t e r i s t i c  s 
1. Power D i s s ipa t ion  
T r a n s i s t o r  c o l l e c t o r  power d i s s i p a t i o n  was d c t e r -  
mined f o r  t r a n s i s t o r s  i n  the  TO-61 (11/16" s tud)  and the  
TO-60 (7/16" s tud)  isol 'ated packager. It w a n  teLt t h a t  
for l a rge  productfon q u a n t i t i e s  the  maximum thermal re- 
s i s t a n c e  from f u n c t i o n  t o  case  f o r  these  two package types  
should be a s  follows: 
TO-60: QJC 4OC /w 
These va lues  were based on power d i s s i p a t i o n  tests per- 
formed i n  a temperature c o n t r o l l e d  environment. Table 4 
presen t s  t he  c a t a s t r o p h i c  f a i l u r e s  ve r sus  power d t s s i p a -  
t i o n  of t e n  TO-61's and t an  TO-60's. The case  of each 
t r a n s i s t o r  was kept  a t  a temperature g iven  by the  thermal 
r e a i a t a n c e  junc t ion  t o  ca8e and TJ 200°C according t o  t h e  
formula 
T.J = Tc p~ 'JC 
T, = TJ - I?, 8 j c  
f o r  TO-61: 
f o r  TO-60: 
Figure 820 shows t h e  power d e r a t i n g  curves f o r  the 
Tc f 2OOoC - Pc 3.SoC/W 
Tc 8 200°C - P, 4 O C &  
TO-61 and TO-60 packages based on t e a t  resul ts  of Table 4. 
2.  Parame tars 
Device t e s t i n g  was performed w i t h  app ropr i a t e  test 
equipment. A l l  measurements were made a t  TJ 2S0C un le s s  
otherwise s t a t e d .  The t es t  methods used are given i n  t h e  
Append ix .  
As a summary, key parameters a r e  p l o t t e d  i n  Figure 21 
through Figure 24 as  a function of f a b r i c a t i o n  l o t s .  Addi- 
t i o n a l  t y p i c a l  d a t a  i s  presented i n  T e s t  Report Number 1. 
hfe v e r s u s  IC a t  50 Mc i s  shown i n  Figure 2 5  f o r  a t y p i c a l  
t r a n s i s t o r  of  t he  f i n a l  product ion u n i t s .  The d l f f c r e n t  
product ion l o t s  show a n  d v e r a l l  improvement of  hFE w i t h  
o t h e r  parameters changing but  s t i l l  w i t h i n  s p c c i f i c a t j o n s .  
Hfgh hpE a t  
t i m e .  
8 LOA is e s s e n t i a l  t o  improve t h e  swi t ch ing  
D. VHF Appl i ca t ions  
So- t r a n s i s t o r s  of t he  f i n a l  product ion u n i t s  were e v a l -  
uated i n  high frequency power a m p l i f i e r s  t o  show t h e i r  poten-  
t i a l  c a p a b i l i t y  f o r  t h i s  a p p l i c a t i o n .  Measurements were made 
u s i n g  t h e  fol lowing c i r c u i t s :  
50 Mc Clase A :  Figure 26 
50 Mc Class B:  Figure 2 7  
100 Mc Class B: Figure 28 
Typical  performance da ta  i s  included w i t h  each a m p l i f i e r  
cir:uit di.gtam. Additional d a t a  i s  p l o t t e d  i n  Figure 29 
through Ffgure 31 for opera t ion  i n  t he  50 Mc Class B ampli- 
f i e r .  The r e s u l t s  show t h w  t h e  developed t r a n s i s t o r  is n o t  
on ly  a good switch b u t  also a good l i n e a r  amplifying device.  
" 
E. F i n a l  Product ion Unite  
The f i f t y  ( 5 0 )  f i n a l  product ion u n i t s  were eva lua ted  t o  
s p e c i f i c a t i o n .  The d a t a  for  a11 requ i r ed  paralaatere is pre-  
sen ted  I n  Tes t  Report No. 2 through Test Report  No. 4. A l l  
parameters are well w i t h i n  t h e  r equ i r ed  s p e c i f f c a t i o n  w i t h  
excep t ion  of  VCtO and switching time. 
requ i r ed  VCEO of SOV. The swi tch ing  ti- exceeds t h e  5 nSec. 
l i m i t ;  howqver t h e  t iara  i n  excers of  5 nSec can  be a t t r i b u t e d  
t o  des igning  and t e s t i n g  in a f a s t  swi tch ing  c i r c u i t  r a t h e r  
than  to  t h e  c a p a b i i i t y  of the  t r a a s i a E o r  e l a a r n t .  A cont inued 
c i r c u i t  des ign  e f f o r t  and e l imina t ion  of c i r c u i t  p a r a r l t l c  
r eac t ances  could poss ib ly  demonstrate t h e  actual  device  swi tch  
i n g  c a p a b i l i t y .  
ALL u n i t s  meet t h e  

V. PERSONNEL 
A. P r o j e c t  Manager 
M r .  A l b e r t  Schrob served a s  p r o j e c t  manager through Phase I 
of t h i s  c o n t r a c t .  A t  t h a t  time, Mr. Schrob's p o s i t i o n  was t h a t  
of Davelopwnt  Engineering Manager and he r epor t ed  d i r e c t l y  t o  
Mr. Hy Newman, Chief Engineer of the  Bendix Semiconductor Divis lon.  
During the  course  of t he  program Mr. Schrob t r a n s f e r r e d  t o  the  
Ec l ipse  Pioneer  Div is ion  of Bendix. 
Mr. Charles  F. C a r r o l l  replaced Mr. Schrob as Developmant 
Engineering Manager and served a s  p r o j e c t  manager throughout t he  
completion of t h i s  c o n t r a c t .  
B. Key Technical  Personnel  
The fol lowing key personnel have performed the work requi red  
f o r  t h e  des ign  and development of sub jec t  semiconductor switch 
c o n t r a c t .  Resumes of experience and educ t iona l  backgrounds are 
included. 
BALTHASAR, PETER 
Realgymnasium S t u t t g a r t ,  
Germany 1951 
D i p l .  Eng. Technical  
Univers i ty  of S t u t t g a r t ,  
Germany 1957 
B.So (Abitur) 
M . S . E . E .  
Rut ga r  s Unlver B i t  y Graduate Work 
M r .  Ba l thasa r  is Manager, Appl ica t ions  Engineer ing Depart-  
ment, Bendix Semiconductor Division, and is r e spons ib l e  f o r  t es t -  
ing  and e v a l u a t i n g  semiconductor products ,  e lec t r ica l  t e s t  spec i -  
f i c a t i o n s ,  developaPant of t r a n s i s t o r  a p p l i c a t i o n s  and f i e l d  engineer-  
ing. He jo ined  the  Bendix Corporat ion i n  1959 a s  an a p p l i c a t i o n s  
engineer .  
BRYAN, WILLIAM SCOTT 
U . S L A c F ,  Technical  School 
Honaouth Collaga 
Basic 6 Advanced Tacan 
Maintenance 
E l e c t r i c a l  Engineer ing 
1960-1963 6 Presen t  
Since j o i n i n g  Bendix i n  1963 Mr. Bryan ha6 assumed r e s p o n s i b i l i t y  
f o r  supe rv i s ion  over photo-reoiot and evapora t ion  ope ra t ion6  r a l a t e d  
t o  proceseing of  s i l i c o n  p l ana r  e p i t a x i a l  t r a n s i s t o r s  and i n t e g r a t e d  
circuitoo He has w r i t t e n  seve ra l  papers  d e s c r i b i n g  improved photo- 
re s is t  t e c  hniquer 
CARROLL, CHARLES c P a  
Carnegie I n s t i t u t e  of Technology B,So Ch, E. 1953 
Carnegie I n s t i t u t e  of Technology Post  Graduate Work 
1956 - 1958 
Mro C a r r o l l  is manager of Development Engineer ing* P r i o r  t o  j o i n -  
i ng  Bendix, Mr, C a r r o l l  was employed ay t h e  Molecular Elec t ron ic6  
D i v l r i o n  of  Westinghouse 01 a sen io r  Design Engineer. ifa wad wi th  
Westinghouse from 1959 and worked p r i m a r i l y  i:i the f i e l d s  of silfcon 
power t r a n s i r t o r  dcve lopmnt  and s i l i c o n  i n t e g r a t e d  c i r c u i t r y ,  He 
has s e v e r a l  p a t e n t  d i s c l o s d r e s  i n  t he re  f i e l d o ,  From 1356 t o  1959 
he was a s s o c i a t e d  with t h e  Gulf Research Development Company as a 
p r o j e c t  endineer  ia the  R e f i i l Q r y  Procesdes h c t i o n .  Mr, Car ro l l  
served ar a Sipnal Corps o f f i c e r  i n  the U . S .  Army from 1953 u n t i l  
1956. 
EHRENBgRC, NATHAN S. 
Cooper Union 
# 
B . S . E . K ,  1934 
Mr. Hhrenberg 18 P i l o t  Line Manager f o r  r i l i c o n  p l a n a r  dev ice r .  
lie ha8 performod developamntal vork on t h e  8.ndix r i l i c o n  high f r e -  
. 
quency va r8c to r  d iode  p r o g r m ,  Ib wa8 prev iour ly  8880Cf8ted wi th  
the Amperex E l e c t r o n i c  Div i r ion  of North American-Phi l l ip8 Corpor8- 
t i o a  a8 Product ion  Manager f o r  grrm8nium diodes .  lie w 8 8  8 r r o c i 8 t e d  
w i t h  Clevite Semiconductor &I Manager of Materialr Product ion  on 
r i l i c o n  and germanium m & t e r i a l r e  He w18 8180 Product Engineer f o r  
Western B l e c t r i c  Company and worked on their r i l i c o n  ca rb ide  v a r i r t o r  
and qua r t z  c r y r t a l  d r v l c e r  programr. 
HENRY, PETER 
Lafaye t t e  Col lege 1952 B , S .  Biology 
b n r o u t h  College 1961 B. S. Chemirtry 
Hr. Mary is ranponr ib la  f o r  m e t a l l i z a t i o n ,  d i c ing ,  and arrembly 
technique8 ured f o r  t h f 8  c o n t r a c t o  Since j o i n i n g  Bendfx i n  1957 he 
has done development work on germanium power t r a n r i r t o r r  p r i n u r i l y  
in t he  a rea8  of s u r f a c e  8 tudie8  and arrembIy. More r e c e n t l y  he ha8 
been concerned w i t h  evapora t ion  and arreably of r i l i c o n  p l ana r  power 
t r a n r i r t o r r o  
r e a r c h  work f o r  th. -lanes8 Corp. 
P r i o r  t o  j o i n i n g  Bendix he war employed i n  chemical r e -  
1 s t  U.S. A m y  Signal  School 
7 t h  U y S o  Army Signal  School 
Baric Radio Technology 
1957 
High Frequency AM-F?l Tr8nrce iver  
1960 
R8d i o  l o g i c  8 1 Equipment 196 1 
Honnrouth TechnIc81 I n s t i t u t e  Tr8nri8tOr C i r c u i t r y  1964 
H r .  Hollander hoe been employed by Bendix Semiconductor D iv i s ion  
s i n c e  1962 as an Applic8t ione Technicl8n. HI8 experience inc lude8  
ev81uat ion and a p p l i c a t i o n  of  var iour  r i l l c o n  t r a n r i r t o r  d sv ice r .  
P r i o r  t o  j o i n i n g  Randix, Hr. Kollandar served i n  t h e  i.ioSo Army as 
communlcation N.C.O. Hie work included Third Echelon AH-M Tranace iv r r  
And Com~lunic8tion Equipment Repair. 
MAKRIS, GEORGE 
Monmouth College Phyr ic r  1960--Prerent 
nr, u i c r i s  i r  p r e r e n t i y  a t t end ing  Monmouth coilego evening c l o r r e r  
working toward8 completion of requirement8 for 8 B,S. i n  Phyr fc ro  
Since j o i n i n g  Bendix i n  1962, he has been engaged i n  the development 
and proc toolng  of p lana r  e p i t a x i a l  s i l i c o n  t r a n r i e t o r r  aid in t eg r8 ted  
c i r c u i t o .  With respect t o  t h i r  con t r ac t ,  H r .  Hekr i r '  d u t i e s  h8ve in- 
volved p r imar i ly  the  d i f f u r i o n  and su r face  p a r r i v a t i o n  Uf u a f e r r .  
. 
. 
I 
NEWMAN, HmMl 
Newark College of Engineering B . S . E . E .  1959 
Newark College of Engineering W c  S o E . E c  1962 
H r ,  N e m n  l a  Chirf  Engineer, and i r  r c s p o n s i b i l e  f o r  t h e  
Roararch and Development Department, App l i ca t ions  Engineering De- 
partment,  and Mechanicrl Engineering Department, t e r t i n g  and eva l -  
u a t i n g  remiconductor productr ,  e l e c t r i c a l  t e a t  r p e c i f i c a t i o n e ,  
developmhnt of t r a n r i r t o r  a p p l i c a t i o n r  and f i e l d  engineer ing.  Ha 
joined the Bendix Corporation in 1957 as an eng inee r  i n  charge of 
t e s t i n g  and e v a l u a t i o n  of r i l i c c ~  p w e r  r e c t i f i e r s ,  de t e rmina t ion  
of r a t i n g #  and r p e c i f i c a t i o n r ,  and c o r r e h t i o n  of r p e c i a l  t r a n r i r t o r  
c i r c u i t  information. From 1952 t o  1957, M r .  N.vun vork+d as an  
e l e c t r o n i c r  i n r t r u c t o r  w i t h  the Department o f  t he  Army Signal  School 
and a# a r e r e a r c h  and development eng inee r ing  a r r i s t a n t  w i t h  the re- 
r p o n r i b i l i t y  f o r  t h e  e v a l u a t i o n  o f  telephone c a r r i e r  communication 
equipment. 
WILSON, STANLEY 
Honmouth College B o S o E o E o  1963 
Hewark College of Engineering Graduate Studies  
Mr. Wilron ha# been employed by Bandix Semiconductor D iv i r ion  
r l n c e  1963 a8 8n b p p l i c a t i o n r  Engineer. During h i s  employment w i t h  
Bendix he har  worked on v a r i o u r  o i l i c o n  t r a n r i r t o r  high fraquency- 
h igh  power a p p l i c a t i o n r ,  t r a n r l s t o r  eva lua t ion ,  and c l r c u l t r  t o  ex- 
tend the  range of e v a l u a t i o n  o f  t r a n r i r t o r  parmeterr.  
n' 
WORCHEL, GHRALD 
RCA I n r t i t u t e ,  PiYC 
Poly technic  I n s t .  of Brooklyn 
. 
Advanced E l e c t r o n i c s  1961 
E l e c t r i c a l  Engineering 8nd 
P hys i c  s 
M r ,  Worchel i r  r e rpons ib l e  foa the  p roce r r ing  of  waf s r r  f o r  t h i r  
c o n t r a c t .  Since j o i n i n g  Bandix i n  1964 he h8s bean r e sponr ib l e  f o r  
d i f f u s i o n  8nd wet proce r r ing  r t u d i e r  f o r  advanced dev ices  and i n t a -  
g ra t ed  c i r c u i t r .  Fram 1961 t o  1964 he was employed by Bell Telephone 
Labor8tor ie r .  H i #  work the re  c o n r i r t e d  of the  des ign  8nd developawnt 
of in t cg r8 ted  c i r c u i t r  and u l t r a  h igh  frequency, low power 6eniconductor 
device,. While there he waa i n r t r u m d n t d  i n  the development of  a g l a r e  
i r o l a t e d  integr8t.d l o g i c  c i rcu i t ,  8 10 g igacycle  switching t r a n r i r t o r  
and a computer diode w i t h  a recovery time of l a r r  than 10 recondr.  - 10 
The fo l lowing  engineer ing  perronnel  have l e f t  the  employ of t h e  Bendix 
Semiconductor Divi. ion: 
a; Reher 
C, Rivera 
A. Schrob 
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FIQURE 8. The above photo-micrograph is a 60X magnif ica t ion  
of tho new goemetry through t h e  c o n t a c t  opening stage, 
Em1 t t e r  and Contact c u t  operations h ~ v e  been performed, 
FIG!!!! 9. h &EOX magnif icat ion of  f i n n e r  - ige on Figum I 
geometryo The t i g h t e s t  l i n e  spaclnq iy 0.1 C?ile 
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